Women with recurrent abortion, primary unexplained infertility, and gestational trophoblastic neoplasia (GTN) manifest disordered human chorionic gonadotrophin (HCG) secretion. Mutations in the HCGβ/luteinizing hormone (LH)β gene complex could cause aberrant HCG production in these disorders. The purpose of this study was to determine whether HCGβ gene deletions occur in women with recurrent abortion or primary unexplained infertility, and whether HCGβ gene duplications are present in women with GTN. DNA was extracted from 10 patients with unexplained recurrent abortion, 10 patients with unexplained primary infertility, 12 patients with GTN, three partners of women with GTN, and 30 controls. Southern blots were constructed and hybridized with DNA probes for HCGβ-5 and the LHβ gene. No gene deletions were identified in patients with recurrent abortion or primary unexplained infertility. Likewise, no gene duplications were identified in women with GTN. A previously described MboI restriction fragment length polymorphism (RFLP) was identified in both patients and controls. A new PstI RFLP was also characterized, but was present in patients and controls. Deletion/duplication mutations in the HCGβ/LHβ gene complex do not appear to be common causes of aberrant HCG production in humans with these disorders.
Introduction
1987; Jameson and Lindell, 1988) . HCGβ-5 is the most abundantly expressed gene, although all of the other five Human chorionic gonadotrophin (HCG) is a member of the HCGβ genes are also expressed to lesser degrees (Boime et al., pituitary glycoprotein hormone family, which also includes 1982; Talmadge et al., 1984; Jameson et al., 1986 ; Bo and luteinizing hormone (LH), follicle stimulating hormone (FSH), Boime; Jameson and Hollenberg, 1993) . HCGβ is and thyroid stimulating hormone (TSH) (Pierce and Parsons, principally expressed in the placenta, but low levels of expres-1981). Each protein is a heterodimer, composed of an α-sion have also been demonstrated in the pituitary (Jameson subunit common to all four proteins and a β-subunit which and Hollenberg, 1993). confers specificity (Pierce and Parsons, 1981) . A single gene Placental HCG is produced by the early blastocyst and on the long (q) arm of chromosome 6 encodes the α-subunit serves as the major biochemical marker of pregnancy (Shi (Fiddes and Goodman, 1981; Naylor et al., 1983 Naylor et al., ), while a et al., 1993 . Although it is produced principally by the cluster of genes encode the HCGβ/LHβ complex on chromosyncytiotrophoblasts, HCG is also secreted by the cytotrophosome 19q (Policastro et al., 1983 (Policastro et al., , 1986 Talmadge et al., 1983;  blasts Shi et al., 1993) . Recently, HCG has Brook et al., 1985; Graham et al., 1987; also been found to have functions within the placenta in 1988). There are six HCGβ genes and a single LHβ gene, addition to maintaining corpus luteum function (Shi et al. , which share Ͼ90% homology (Policastro et al., 1983 (Policastro et al., , 1986 . These functions of HCG include the differentiation of Talmadge et al., 1983; Brook et al., 1985; Graham et al., cytotrophoblasts into multinucleated syncytiotrophoblasts (Shi et al., 1993) and the regulation of its own synthesis through *This work was presented in part at the American College interaction with the LH/HCG receptor on placental cell memof Obstetricians and Gynecologists National Meeting in branes . The production of HCG appears to May, 1991 (gestational trophoblastic neoplasia) and at the be important for luteal support (Soliman et al., 1994) and the American Fertility Society Meeting in November, 1992 (recurrent abortion and unexplained infertility).
prevention of fetal demise (Stevens, 1975) .
Southern blot analysis
We are not aware of studies investigating the presence of HCGβ gene mutations in human endocrine disease. Patients DNA was extracted from peripheral white blood cells and Southern blots were constructed as described previously (Layman et al., 1993). with abnormalities in the production of HCG are potential Briefly, DNA was first extracted from peripheral leukocytes, and then candidates for the presence of mutations within the HCGβ digested separately with a variety of restriction enzymes: PstI, XbaI, gene complex (Layman, 1991; Roach et al., 1992 (Speroff et al., 1994) . In both instances, the mechanisms probes (Gray, 1992).
responsible for decreasing or low concentrations of HCG are
The HCGβ-5 probe is a 900 bp fragment containing part of intron unknown. Conversely, women with gestational trophoblastic 1, and all of the second and third exons (Talmadge et al., 1983) . The LHβ probe is a 2.2 kb insert complementary to the entire LHβ gene disease overproduce HCG, which also suggests disordered (Talmadge et al., 1983) . Both probes were purchased from the HCG gene expression or production due to gene mutations American Tissue Culture Collection, Rockville, MD, USA. The (Speroff et al., 1994) . 
Results

Materials and methods
Southern blots of DNA digested with the enzymes BamHI,
Patients
EcoRV, HindIII, HincII, and XbaI revealed similar sized A radiograph of DNA digested with Mbo1 and hybridized with luteinizing hormone (LH)β shows the polymorphic fragment (presence or absence of the 2 kb fragment) described previously (Roach et al., 1992) . Lanes 1-3 are DNA samples from representative women with recurrent abortion, lanes 4-6 from gestational trophoblastic neoplasia (GTN) patients, and lanes 7 and 8 are from controls. The 2 kb fragment is absent in lanes 3, 4, 8. polymorphism, which most likely results in the loss of a PstI and two out of 12 GTN patients (Figure 4) . The 3.8 kb MboI fragment was also absent in five of 30 controls. The MboI site (and a 3.8 kb fragment), was detected in one out of 10 recurrent abortion patients, two out of 10 infertility patients, and PstI polymorphic fragments were identified in similar frequencies in all three patient groups and controls. This 1992), FSHβ (Matthews et al., 1993; Layman et al., 1995) , and TSHβ (Hayashizaki et al., 1989 ; Dacou-Voutetakis et al., finding provides strong evidence that these fragments are 1990). Homozygosity for a missense mutation in the LHβ indeed benign DNA polymorphisms in the HCGβ/LHβ comgene was identified in a male with hypergonadotrophic hypoplex rather than causative gene mutations. gonadism and oligozoospermia (Weiss et al., 1992) . In this instance, immunoactive LH was elevated, but bioactive LH Discussion was decreased since receptor binding was diminished (Weiss HCG is a member of the pituitary/placenta glycoprotein et al., 1992). In women with delayed puberty, elevated serum hormone family, as are LH, FSH, and TSH. Each is composed concentrations of LH, but undetectable amounts of FSH (both of a common α-subunit and a specific β-subunit (Pierce and basally and after stimulation with gonadotrophin-releasing Parsons, 1981). The HCGβ genes are expressed in the placenta, hormone), point mutations and deletions have been described and the LHβ gene is expressed in the pituitary due to the in the FSHβ gene in at least two different families (Matthews utilization of a different promoter (Jameson and Hollenberg, et al., 1993; Layman et al., 1995) . Both of these FSHβ gene 1993). Only minimal expression of HCGβ has been demonmutations appear to affect α-β dimer association and binding strated in the pituitary gland (Jameson and Hollenberg, 1993) .
to the FSH receptor (Matthews et al., 1993; , Although all six HCGβ genes are expressed to some degree 1995). Likewise mutations in the TSHβ have been identified in humans, HCGβ-5 is the principal gene expressed in the in some rare autosomal recessive forms of hypothyroidism placenta (Boime et al., 1982; Talmadge et al., 1984; with decreased concentrations of TSH (Hayashizaki et al., et al., 1986; Bo and Boime, 1992; Jameson and Hollenberg, 1989; Dacou-Voutetakis et al., 1990 . For this reason, the HCGβ-5 gene was selected as the We are not aware of any studies of HCGβ gene structure hybridization probe for this study, although it is likely that in human disease. The HCGβ gene complex represents a other HCGβ probes would have produced similar, if not reasonable candidate for gene mutations in women with identical, band patterns (as did the LHβ probe).
reproductive failure; for example, in unexplained primary This complex HCGβ/LHβ gene cluster appears to have infertility, recurrent abortion, and GTN (Layman, 1991 ; Roach arisen only recently in evolution by duplication from an et al., 1992). When highly homologous sequences reside near ancestral LHβ gene (Talmadge et al., 1984) . Evidence in each other, there is a predisposition to deletion and duplication support for this comes from the observation that only primates events during meiosis. Such is the case in gene deletions of and horses possess chorionic gonadotrophin (CG). Lower the α-globin gene in α-thalassaemia (Higgs et al., 1989) , the animals such as bovine and murine species lack CG (Talmadge 21-hydroxylase B gene in congenital adrenal hyerplasia (White et al., 1984) . Comparison of the sequence homology of LHβ et al., 1987) , the growth hormone gene in autosomal recessive and HCGβ supports the hypothesis that HCGβ arose by forms of growth hormone deficiency (Phillips et al., 1981) , duplication of an ancestral LHβ gene, producing a protein and repeated elements close to the steroid sulphatase gene in subunit which acquired a new function (Talmadge et al., X-linked ichthyosis (Yen et al., 1990) . Similarly, gene duplica1984a) . HCG now assumes a major role in the successful tion can occur and produce disease, as has been described in completion of pregnancy in these species.
the overproduction of the thyroid binding globulin (Bartalena Mutations in pituitary glycoprotein hormone genes cause and Robbins, 1992). We did not identify HCGβ gene deletions human disease (for review, see Fauser and Hsueh, 1995) . Gene or duplications in the present study. However, an MboI polymorphism previously characterized (Roach et al., 1992) , mutations have already been described for LHβ (Weiss et al., and a newly described PstI polymorphism, were seen in cytotrophoblast cell culture, HCG induces cell aggregation, and also results in increased expression of cadherin (a protein both patients and controls. The frequency of HCGβ gene polymorphisms was not different in any of the patient groups involved in cell adhesion) and HCG/LH receptor mRNA (Shi et al., 1993) . In addition, there is increased production of or controls, suggesting that they are not causative in women with unexplained recurrent abortion, unexplained primary biochemical markers for syncytiotrophoblasts, namely human placental lactogen (hPL), SP 1 , and cytokeratin (Shi et al., infertility, or GTN. Point mutations that do not alter a restriction cut site or small deletions and insertions would escape detection 1993). Further evidence for HCG involvement in placental function is the observation that HCG appears to regulate its by Southern blot analysis. However, the purpose of the present study was to determine if meiotic errors resulting in gene own synthesis in placental cells through interaction with the HCG/LH receptors . These data provide deletions or duplications of the HCGβ genes exist in these patients. Large gene deletions or duplications should have strong evidence for HCG function in pregnancy. Clinical evidence supporting the need for HCG comes from been detected if they were present.
Studying women with GTN for HCGβ gene mutations the demonstration that early spontaneous abortion can be induced in primates by the administration of anti-HCG antiappears reasonable since HCG concentrations are markedly increased in women with this disorder, and HCG regulates its bodies (Stevens, 1975) . One group has even suggested that prolonged HCG administration to women may have some own synthesis . Further evidence for HCG interaction on placental cells is provided by , benefit in the prevention of miscarriage in women undergoing ovulation induction (Blumenfeld and Ruach, 1992) . Derangewho demonstrated that the HCG/LH receptor is expressed in trophoblasts from a choriocarcinoma cell line. Since placenta ments in HCG production could potentially produce reproductive failure manifested by recurrent pregnancy loss, unexplained from GTN has been reported to demonstrate two copies of paternal chromosomes (i.e. is imprinted) in a high percentage infertility, or gestational trophoblastic neoplasia. Although the HCGβ/LHβ gene complex displays DNA polymorphisms, gene of cases (Kajii, 1977; Goshen et al., 1994) , male partners of GTN patients were also studied for gene mutations. Unfortumutations were not identified in women with recurrent abortion, primary unexplained infertility or GTD. nately, only three males were able to be recruited for DNA analysis, which reduced the likelihood of drawing any meaningful conclusions. Imprinted genes appear necessary for normal
